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Description 

BRIEF DESCRIPTION OF THE DRAWIMft 
5 [0001] 

Figure 1 . VEGF II activity present in fractions eluting from a polyaspartic acid WCX HPLC cation exchange column 
bar denotes pooled active fractions. 

10 Figure 2. VEGF II activity present in fractions eluting from a metal chelate column. 
Figure 3. VEGF II activity present in fractions eluting from a RP-HPLC C 4 column. 
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Figure 4. Full length amino acid residue protein translation product and its cDNA coding sequence for VEGF I A 
subumt plus polypeptide cleavage products used to determine the amino acid sequence. 

Figure 5. Full length amino add residue protein translation product and its cDNA coding sequence for VEGF II A 
subumt plus polypeptide cleavage products used to determine the amino acid sequence. Refer to Example 9 infra 
for a discussion of the 164, 120 and 188 amino acid secreted forms of the VEGF II A subunit. 

Figure 6. Full length amino acid residue protein translation product and its cDNA coding sequence for the 135 
ammo acid form of VEGF II B subunit plus polypeptide cleavage products used to determine the amino acid 
sequence. 

Figure 7. Full length amino acid residue protein translation product and its cDNA coding sequence for the 1 15 
amino acid form of VEGF II B subunit. 

BACKGRO UND OF THF INVENTION 

[0002] A new class of cell-derived dimeric mitogens with apparently restricted specificity for vascular endothelial cells 
has recently been identified and generally designated vascular endothelial growth factor (VEGF) The mitogen has 
™?, Unf ,8d fr ° m: conditioned 9 r °"th media of rat glioma cells, [Conn et al. ( Proc. Natl. Acad. Sci. USA 87- 2628-2632 
(1 990)]; conditioned growth media of bovine pituitary folliculo stellate cells [Ferrara and Henzel, Biochem Biophys Res 
Comm. 161: 851-858 (1989) and Gospodarowicz et al., Proc. Natl. Acad. Sci. USA 86: 7311-7315 (1989)] Vascular 
endothelial growth factor I (VEGF I) is a homodimer with an apparent molecular mass of 46 kDa, with each subunit hav- 
ing an apparent molecular mass of 23 kDa. VEGF I has distinct structural similarities to plateiet<lerived growth factor 
(PDGF), a mitogen for connective tissue cells but not vascular endothelial cells from large vessels. 

OBJECTS OF THE INVENTION 

SI ml'*' accordin 8 |v ' an ob i ect of toe present invention to provide a novel vascular endothelial growth factor II 
SST, * f 8 ^ ^ pr0t6inS * Another 0bj6Ct is t0 provide a P roc *iure for the purification of the substantially pure 
VEGF II. A further object is to provide VEGF II to stimulate endothelial cells for induction of blood vessel growth vas- 
cular repair and the production of artificial blood vessels. Another object is to provide VEGF II to stimulate tissue repair. 

SUMMARY O F THE INVENTION 

SI 4 !* Va ^ ularend ° the,ial ce " 9 rowth factor 11 * Purified from the culture media used to maintain mammalian glioma 
cells. The protein is a heterodimer and stimulates mutagenesis of mammalian vascular endothelial cells and is useful for 
the promotion of vascular development and repair. This unique growth factor is also useful in the promotion of tissue 
repair. 

DETAILED DESCRIPTION 

I0 ?P 51 ^ e J 3reSe . nt inVenti0n relat6S 10 3 Unique vascular endothelial cell growth factor (designated VEGF II) isolated 
and punted from gl.oma cell conditioned medium, which exhibits mitogenic stimulation of vascular endothelial cells Gli- 
oma is defined herein as any neoplasm derived from one of the various types of cells that form the interstitial tissue of 
the central nervous system including brain, spinal cord, posterior pituitary gland and retina. Consequently, the scope of 
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the present invention is intended to include the unique growth factor isolated and purified from any mammalian glioma 
tissue or other cells including cell lines. Cell lines include, but are not limited to. glioma-derived cell lines such as C6 
hs 683 and GS-9L; glioblastomas such as A-1 72 and T98G; neuroblastomas such as IMR-32 and SK-N-MC; neurogli- 
omas such as H4; tetromas such as XB-2; astrocytomas such as U-87 MG and U-373 MG; embryonal carcinomas and 
s non-transformed glial or astrocyte cell lines, and the human medulloblastoma line 7E 671. with GS-9L and TE 671 
being preferred. VEGF II is present and can be isolated from rat tissue including ovary, heart and kidney. Anterior pitu- 
itary tumor cell lines such as GH3 and Hs 199 may also be used. Although the VEGF of this invention is described as 
being isolated from rat cells, the same or substantially similar growth factor may be isolated from other mammalian 
cells, including human cells. 

io [0006] Vascular endothelial growth factor II may exist in various microheterogeneous forms which are isolated from 
one or more of the various cells or tissues described above. Microheterogeneous forms as used herein refer to a single 
gene product, that is a peptide produced from a single gene unit of DNA. which is structurally modified at the mRNA 
level or following translation. Peptide and protein are used interchangeably herein. The microheterogeneous forms will 
all have equivalent mitogenic activities. Biological activity and biologically active are used interchangeably and are 
herein dejined as the ability of VEGF II to stimulate DNA synthesis in target cells including vascular endothelial cells as 
described below which results in cell proliferation. The modifications may take place either in ma or during the isolation 
and purification process. Jn vjyo modification results from, but is not limited to. proteolysis, glycosylate, phosphoryla- 
tion, deamidation or acetylation at the N-terminus. Proteolysis may include exoproteolysis wherein one or more terminal 
amino 'acids ; are sequentially, enzymatically cleaved to produce microheterogeneous forms which have fewer amino 
acids than the original gene product. Proteolysis may also include endoproteolytic modification that results from the 
action of endoproteases which cleave the peptide at specific locations within the amino acid sequence. Similar modifi- 
cations can occur during the purification process which also results in production of microheterogeneous forms The 
most common ^modification occurring during purification is proteolysis which is generally held to a minimum by the use 

25 of native VEGF II. Native VEGF II refers to VEGF II isolated and purified from cells that produce VEGF II Vascular 
emiothehal growth factor II may also exist in various alternatively spliced forms which is defined herein as the production 
of related mRNAs by differential processing of exons. Exons are defined as those parts of the DNA sequence of a 
eukaryotic gene that code for the final protein product. 

[0007J Glioma cells such as the rat cell line GS-9L are grown to confluence in tissue culture flasks, about 1 75 cm 2 in 

L?J2^JS^. SU 'i a8 D " ,becC0 ' s Modi,ied Ea 9 |e ' s Medium (DMEM) supplemented with about 10% newborn 
caB serurMNCS) When the cells reach confluence the culture medium is removed, the cell layers are washed with 

£»J» I ^« 0SP ^£ lffered 581106 (PBS) and are removed ,rom *• ,lasks b y treatment with a solution of 
°' ? M a " d ED J A - ™* <*.ls. about 1x10" are pelleted by centrifugation. resuspended in 

about 1500 ml of DM EM containing about 5% NCS and plated into a ten level cell factory (NUNC). 6,000 cm 2 surface 

nfThJ^l ?,f 9 r C ,? b!rted ,W 48 *° ^ 96 hours - with 72 nours P re,erred - * about 37« C in an atmosphere 
prT25? £S ' . incuba tion the medium is removed and the cell factories are washed about 3 times with 

.2 7T u °l 00 tUre media iS added ^ning about a 1:2 mixture of Ham's-F1 2/DMEM containing 
about 15 mM Hepes. about 5 (ig/ml insulin, about 1 0 |ig/ml transferrin and with or without about 1 .0 mg/ml bovine serum 
albumin. This media is replaced with fresh media after about 24 hr and collected every 48 hr thereafter. The collected 

"1 15 tered througn Wnatmen #1 P^er to remove cell debris and stored at about -20»C 
[0008] The GS-9L conditioned medium is thawed and brought to pH 6.0 with 1 M HO. The initial purification step con- 
5S^f?« 8 '2 anDe ^^T^ usi "9 a variety of cation exchangers on a variety of matrices such as CM 
Sephadex C-50 Pharmacia Mono S, Zetachrom SP and Polyaspartic Acid WCX (Nest Group) with CM Sephadex C- 
50 (Pharmacia) being preferred. The VEGF-containing culture media is mixed with CM Sephadex C-50 at about 2 gm 
per about 20 L of the conditioned media and stirred at low speed for about 24 hr at 4' C. The resin is allowed to settle 
fS^TT "? is / emov e d - ^e resin slurry is packed into a column and the remaining culture media is removed 
Unbound protein is washed from the column with 0.05 M sodium phosphate, about pH 6.0. containing 0.15 M NaCI The 
™«f, 'I? wrth 3501,1 0 05 M S0diurn P h0S P n ate. about pH 6.0, containing about 0.6 M NaCI 
SLJ^ aC !L Ve fr ff ions i collec t ed from the CM Sephadex C-50 column are further fractionated by lectin affinity 

t 2SI^? tofa °' V ! GF IL ^ l6CtinS Which bind VEGF 11 include . but are not limited 
££2?rUT? Spec,f,cal,y h U mannose restdues «*h as concanavalin A and lens culinaris agglutinin, lectins which 
STil hfr!f?? UG( ^ ne .u SUdl 35 Wh6at 96rm a " tM - lectins tnat bind lactose or galactosamine and lectins 
S 1 f ? 8 ' T COnC ^ aV a ' in A (C0 " A) b8ing preferred - A 09 cm diameter column fining about 5 ml 
2?J£?n . " I 93 ' 086 ( ^ 6Ct ° r ^a'or'es) is washed and equilibrated with about 0.05 M sodium acetate 
about P H 6.0, containing about 1 mM CaCI 2 , about 1 mM MnCfcand about 0.6 M NaCI. The unbound protein is washed 
from the column with equilibration buffer. The VEGF II is elated with about 0.1 M NaCI buffer containing about 0 32 M 
a-methyl mannoside and about 0.28 M a-methyl glucoside. 

[0010] The VEGF II active eluate from the Con-A column is applied to a Polyaspartic Acid WCX cation exchange high 
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performance liquid chromatography (HPLC) column. 4.6 mm x 250 mm. pre-equilibrated in about 0.05 M sodium phos- 
phate buffer. pH 6.0. -me column is eluted with a linear gradient of about 0 to 0.75 M NaCI in the phosphate buffer over 
about 60 minutes. The flow rate is maintained at about 0.75 ml/min collecting 0.75 ml fractions. Vascular endothelial 
growth factor activity is present in fractions eluting between approximately 21 .7 and 28.5 ml see Fig. 1 . 
[001 1] The active fractions eluted from the polyaspartic WCX column that contain VEGF II are pooled adjusted to 
about pH 7.0 and loaded onto a 1 x 10 cm column of Pharmacia Chelating Sepharose 6B charged with an excess of 
copper chlonde and equilibrated in about 0.05 M sodium phosphate, about pH 7.0. containing about 2 M NaCI and 
about 0.5 mM .midazole (A buffer). VEGF II is eluted from the column with a gradient from 0-20% B over 10 minutes 
20-35% B over 45 minutes and 35-100% B over 5 minutes at a flow rate of 0.3 ml/min. where B buffer is 0 05 M sodium 
phosphate. pH 7.0. containing about 2 M NaCI and 100 mM imidazole. The active fractions containing VEGF II activity 
eluted between about 1 2.6 and 22.8 ml of the gradient effluent volume, see Fig. 2. 

[0012] The pooled fractions containing VEGF II activity eluted from the metal chelate column are loaded onto a 4 6 
mm x 5 cm Vydac C 4 reverse phase HPLC column (5 fim particle size) previously equilibrated in solvent A [0 1% trif- 
Ujoroacetic acid (TFA)]. The column is eluted with a linear gradient of about 0 to 30% solvent B over 15 minutes 30% 
B for an additional 15 minutes, then 30-45% B over 22.5 minutes and finally 45-100% B over 5.5 minutes Solvent B 
consists of solvent A containing 67% acetonitrile (v/v). The flow rate is maintained at about 0.75 ml/min and fractions 
are collected every minute. The homogeneous VEGF II elutes from the C 4 column under these conditions at between 
about 32 and about 38 ml of the gradient effluent volume, see Fig. 3. 

[001 3] Purity of the protein is determined by sodium dodecylsulfate (SDS) polyacrylamide gel electrophoresis (PAGE) 
!" !! c 5% crosslinked 9 els "S' n 9 the technique of Laemmli. Nature 227: 680-684 (1970). The silver stained gels show 
« 2f« J°, C0^S ' S, ° f ° ne band Under non - reduci "9 conditions with an approximate apparent molecular mass of about 
58,000 daltons. When a sample containing the microheterogeneous forms of VEGF II is separated under reducing con- 
ditions it migrates as two about 23 Wlodalton (kDa) subunits. The purification process results in VEGF II that is essen- 
tially free of other mammalian cell products, such as proteins. Recombinantly derived VEGF II will also be free of 
25 mammalian cell products. 

[0014] Biological activity is determined by mitogenic assay using mammalian vascular endothelial cells. Human umbil- 
ici v ?" e " dotnelial ( HUV£ ) cel| s are plated on gelatin-coated dishes at a density of about 5000 cells per well in about 
500 fil of Medium 199 (M199) containing about 20% heat-inactivated fetal calf serum (FCS). Samples to be assayed 
are added at the time of plating. The tissue culture plates are incubated at about 37" C for about 1 2 hours and about 2 
microcur.es of filiated thymidine (NEN, 20 Ci/mmol) is added per ml of assay medium (1.0 jtCi/well). The plates are 
incubated for a further 60 hr. the assay medium is removed and the plates are washed with Hanks balanced salt solu- 
ron containing about 20 mM Hepes. about pH 7.5. and about 0.5 mg/ml bovine serum albumin. The cells are lysed and 
the labelled DNA solubilized with about 200 |xl of a solution containing about 2 gm of sodium carbonate and about 400 
mg sodium hydroxide in about 100 ml water. The incorporated radioactivity was determined by liquid scintillation count- 
ing.The concentration of VEGF which elicited a half-maximal mitogenic response in HUVE cells was approximately 2 ± 
1 ng/ml. The glycosaminoglycan heparin, which is required in these assays at a level of 10-100 |ig/ml to promote a 
response to a positive control, acidic fibroblast growth factor, does not enhance mitogenic stimulation of these cells by 
VbGr II. ' 

[001 5] A purified about 1 -2 jig sample of VEGF II is reduced in about 0. 1 M Tris. about pH 9.5, with about 0 1 % EDTA 
about 6 M guanidinium chloride and about 20 mM dithiothreitol for about 2 hr at about 50» C. The reduced protein is 
carboxymethylated for about 1 hourin a solution containing about 9.2 |iM of unlabelled and 2.8 uM of 14 C-iodoacetic 
acid in about 07 M Tris.about pH 7.8. and about 0. 1% EDTA and about 6 M guanidinium chloride. The protein is car- 
boxymethylatec I for about 1 hr at room temperature. The protein is isolated after reduction and carboxymethylation by 
reverse phase HPLC chromatography on a Vydac C 4 column . about 4.6 mm x 5 cm. The protein is loaded onto a col- 
umn pre-equilibrated with about 0. 1% TFA and eluted by a 45 ml linear gradient from about 0.1% TFA to 0 1% TFA/67% 
aceton.tr.le at a flow rate of about 0.75 ml/min. The reduced and carboxymethylated protein eluted as two peaks at 
approximately 25 and 28 ml with the proportion being approximately equal as determined by monitoring absorbance at 
^lunm. 

I0 ?,k • ^T 168 °! thS redUCed ^ carbax y ms ^^ monomers are applied to polybrene-coated glass fiber filters 
^ U / nC ? are u determined «* Edma " degradation in an ABI gas phase microsequencer in con- 
junction wrth an ABI 120A on hne phenyfthiohydantoin analyzer following the manufacturers instructions. The protein 
showmg the peak of absorbance eluting at approximately 28 ml (A subunit or monomer) yielded an amino terminal 

S3QU6DC6 Of. 

55 Ala Pro Thr Thr Giu Gly GIu Gin Lys Ala His Glu Val Val 

which is ^identical to the monomers of VEGF I, Conn Mai-. Proc. Natl. Acad. Sci. USA 87: 2628-2632 (1990) The peak 
of absorbance eluting at approximately 25 ml (B subunit or monomer) yielded an N-terminal sequence of: 
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Ala Leu Ser Ala Gly Asn Xxx Ser Thr Glu Met Glu Val Val Pro Phe Asn Glu Val 

plus a nearly equal amount of a truncated form of the same sequence missing the first three amino acid residues. The 
missing Xxx readue corresponds to an Asn residue in the cloned cDNA, see below. Since this missing Asn occurs in a 
classical Asn Xxx Ser/Thr N-glycosylation sequence it is presumed to be glycosylated. The A subunit and the total of 
both B subunrts are recovered in nearly equal amounts supporting the interpretation that the two peptides combine to 
formanABheterodimerinVEGFII. 

[0017] A sample of the A monomer was treated with either the protease trypsin which cleaves polypeptides on the C- 
termmal side of lysine and arginine residues or Lys C which cleaves polypeptides on the C-terminal side of lysine by 
procedures well known in the art. The peptides are isolated by reversed phaseHPLC(RP-HPLC). The amino acid 
sequences of the isolated peptides are determined using the Edman degradation in the ABI gas phase sequenator in 
conjunction with the AB1 120 A on line phenytthiohydantoin analyzer following manufacturer's instructions. The amino 
acid sequences are shown in Figure 4. 

[0018] Reduced and carboxymethylated A monomer is dried and solubilized in about 0.7 M Tris, about pH 7 8 about 
6 M guan.dm.um chloride containing about 0.1% EDTA. V8 protease is added in 0.1 M ammonium bicarbonate'buffer 
about pH 8.0, and the mixture is incubated for about 48 hr at about 37'C. The protease cleaves predominantly on the 
carboxyl terminal side of glutamic acid residues. The resulting polypeptides were resolved by C 18 RP-HPLC as above 
*?L- r f?" Ced 3nd ca,box y metn y |ated A subunit protein solution is adjusted to a pH of about 6.8 with 6 N HCI 
and d.th.ofrertol is added to a final concentration of 2 M for reduction of any methionine sulfoxide to methionine residues. 
After about 20 hr of reduction at about 39'C the protein is repurified by C 4 HPLC. The product is dried and cleaved on 
the carboxyl terminal side of methionine residues by 200 M l of 40 mM cyanogen bromide in about 70 % (v/v) formic acid 
under ani argon atmosphere at about 20'C for about 24 hr in the dark. The cleavage products are resolved by C 18 RP- 
(1990) amin0 Seque " Ce is Sh0wn in R 9 ure 4 - see Com et al.. Proc. Natl. Acad. Sd USA 87: 2628 2632 

[0020] The full length 190 amino acid residue protein translation product of the VEGF II A monomer, which is now 
known to be .dentical with the VEGF I A monomer, and its cDNA coding sequence are shown in Fig. 4 and Fig 5 The 
mature amino terminus begins at residue 27. immediately following a typical hydrophobic secretory leader sequence 
J 1 " 9 ^ P °J f N-g'ycosWation site exists at Asn 100 . Most (143 amino acid residues) of the 164 residues of the 
reduced and carboxymethylated mature subunit including the amino terminus and HPLC reversed phase-purified prod- 
ucts of tryptic (T). Lys-C (L). Staphylococcus aureus V8 protease (V8) and cyanogen bromide (CB) cleavages were 
determined by direct microsequencing (Applied Biosystems 470A) using a total of 5 ng of protein. All residues identified 
by amino acid sequencing are denoted by arrows pointing to the right either directly beneath the mature processed 
T T 9 tt16 braCk6t at r6Sidue 27 for the amino terminal ^termination of the whole subunit or. for residues 
if'tS P< ;^ ,ide C 'f ava9e producte - *"» double-headed arrows spanning the lenght of the particu- 

^SSS^S^SSS °L P0 ' yPeptide !' V18A 3nd V18B " was se < U6nced as a ^ «* therefore, are only 
confirmatory of the cDNA-deduced amino acid sequence, see Figure 4. 

[0021 ] Samples of the reduced and carboxymethylated pure VEGF II A and B monomers were each digested with the 
l^s-Cendoproteinase. which cleaves polypeptides on the C-terminal side of lysine residues. The peptides were iso- 
2,^, "SS r " nd their amin ° acid sequences were determined as described above. The locations of 
St£?*S? ttiefina ' VEGF " A B se < uen «s are shown in Fig. 5 and Fig. 6. respectively. 
[0022] The full length coding region of the A monomer is determined from three sets of overlapping cDNA clones 
Degenerate ohgonucleot.de primers based on the amino acid sequences Phe-Met-Asp-Val-Tyr-GIn from polyoeDtide 

tf P ( CR^^ 

^^SXSST- ? *° ^ VEGF A Chai " ,0 ' IOWin9 the P"**™ ° f 8* * *■ «**■» 

£32.1350-1354 (1985). A single band m,grating at 420 bp was gel purified, digested with Sail, ligated into pGEM3Zf( + ) 

SKTSJ? S ?T S2r" (P4238) W3S US6d 40 d8Si9n antisense and sense ™ prime* to 

SSJf? i ! ^ ^ 3 C '° neS 8re deTOted P 5 - 15 and pW3 > r espectively. Regions of complete DNA 
sequences, excludrng tte primers, determined for each set of clones are indited by double-hLedarrovreabove the 
nucleot.de sequence. In addition to the cDNA coding the 164 amino acid secreted form identified by protein seauenc 
j«ta. alternative cDNAs encoding a 120 amino acid and a 188 amino acid form are cloned and seqCc^ 
ESLJ^ le "S th t; « )din 9 re 9 ion <* B monomer is determined from four sets of overlapping cDNA clones 
Degeneraeohgonucleotideprimersbasedontheaminoacidsequence^ • 

^STJSS^^ for VEGF " B monomer followin9 ** procedure ° ' et al ■ ^aSSSSJ 

E ri A a a h f m,gra * n 9 at 1 08 bP w « gel purified, digested with Sail, ligated into pGEM3Zf( + ) and sequenced 
?!SXSSS^ TTJ™ *" US6d 10 d6Si9n antisense and 56(156 PCR primers to amplify *e? aS 
n^^l f IT! 40 Pr ° t0C01 d6SCribed * Fronman M Si- Proc. Natl. Acad. Sci. USA85S998-9002 
(1988). These 5 and 3 clones are denoted p5V2 and p3V2. respectively. Additional 5' end sequences an7determined 
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form clone 202 isolated from a cDNA library prepared from GS-9L poly A* RNA. Regions of conplete DNA sequences 
excluding the primers, determined for each set of clones are indicated by double-headed arrows above the nucleotide 
sequence. The entire base sequence for the 135 amino acid microheterogeneous B subunit and the 1 15 amino acid 
microheterogeneous B subunit are shown in Fig. 6 and Fig. 7. 

s [0024] It is intended that vascular endothelial cell growth factor II exist as a heterodimer consisting of an A subunit 
and a B subunit 

[0025] It is further intended that VEGF homodimers and heterodimers exist as two B subunits. The B subunit may be 
either the 135 ammo acid form or the 115 amino acid form. The A subunit may be either the 188 amino acid form the 
164 amino acid form or the 120 amino acid form. The heterodimers or heterodimer species can be depicted as- A i a8 + 
10 B 135 . A 188 + B 115l A 164 + B 135 , A 164 + B 115l A 120 + B 135 . A 120 + B 115 , and B 135 + B, 15 . 

•° < l 2 ? „ T1 l e «. h0m f ,i !r e ? 030 be d6piCted as: B 135 + Bl35 ' and B "5 + B n* » is also intended that the invention 
include all of the individual subunit forms of both the B subunits of VEGF II. 

[0027] It is further intended that the nucleotide sequence for vascular endothelial growth factor II be interpreted to 
include all codons that code for the appropriate amino acids in the sequence for each of the vascular endothelial growth 

is factor II subunits. as indicated by the degeneracy of the genetic code. It isfurther intended that the nucleotide sequence 
and the amino acid sequence for VEGF II subunits include truncated genes or proteins which result in a protein which 
exhibits biological activity similar to vascular endothelial growth factor II. The scope of the invention is intended to 
include all naturally occurring mutations and allelic varients and any randomly generated artifical mutants which may 
change the sequences but do not alter biological activity as determined by the ability to stimulate the division of vascular 

20 endothelial cells. 

[0028] The above described heterodimers. homodimers. subunits and monomers of vascular endothelial growth fac- 
tor are characterized by being the product of chemical synthetic procedures or of procaryotic or eucaryotic host expres- 
sion of the DNA sequences as described herein. A monomer is defined as a subunit that cannot form an oligomeric unit 
Expression of the recombinant VEGF II genes (recombinant DNA) is accomplished by a number of different host cells 
which contain at least one of a number of expression vectors. Expression vectors are defined herein as DNA sequences 
tJiat required for the transcription of cloned copies of recombinant DNA sequences or genes and the translation of 
their mRNAs in an appropriate host. Such vectors can be used to express genes in a variety of hosts such as bacteria 
blue-green algae, yeast cells, insect cells, plant cells and animal cells, with mammalian cells being preferred The genes' 
may also be expressed in a number of viruse systems. Specifically designated vectors allow the shuttling of DNA 
between bacteria-yeast, bacteria-plant or bacteria-animal cells. An appropriately constructed expression vector should 
contain: an origin of replication for autonomous replication in host cells, selective markers, a limited number of useful 
restriction enzyme sites, a high copy number, and strong promoters. A promoter is defined as a DNA sequence that 
directs RNA polymerase to bind to DNA and to initiate RNA synthesis. A strong promoter is one which causes mRNAs 
tobe initiated at high frequency. Expression vectors may include, but are not limited to. cloning vectors, modified cloning 
vectors. specrf.cally designed plasmids or viruses and cosmids. The expression of mammalian genes in cultured mam- 
mahan cells is i well known in the art Sambrook et al.. Molecular Cloning. A Laboratory Manual, 2nd Edition, Book 3 
CoW Springs Harbor Laboratory Press (1989) and Current Protocols In Molecular Biology, Ausubel et. al Eds Greene 
Publishing Associates and Wiley-lnterscience, 1987 and supplements, disclose various mammalian expression vectors 
and vector systems along with methods for the introduction of recombinant vectors into mammalian cells. The cDNA for 
the monomenc forms of the A and B subunits can be expressed in a system such as that described by Linemeyer fit a] 
European Patent Application. Publication No. 259.953. The cDNA is incorporated into a commercially available plasmid 
such as pKK 223-3 (Pharmacia) as modified as by Linemeyer et al. and expressed in E. goji. Other expression systems 
and host cells are well Known in the art. 

[0029] The high Cys content and glycoslyatjon of the A and B subunits along with the structure of the homo-and-het- 
erodimers suggests that expression of biologically active proteins is carried out in animal cells. Expression may be car- 

"f 86 hamS,6r 0Vary (CH0) CellS "* the doned VEGF " DNA cotransfected with the gene encoding 
dihydrofolate reductase (dhfr) into dhfr CHO cells, see Sambrook atflL Transformants expressing dhfr are selected on 
media lacking nucleosides and are exposed to increasing concentrations of methotrexate. The dhfr and VEGF II genes 
are thus coamplrf .ed leading to a stable cell line capable of expressing high levels of VEGF II. The plasmid is designed 
to include either an A subunit and a B subunit or two B subunits. The two cDNAs are operably attached so that the pro- 
tein produced will be dmeric and will have VEGF II biological activity. Operably attached refers to an appropriate 
sequential arrangement of nucleotide segments, cDNA segments or genes such that the desired protein will be pro- 
duced by cells containing an expression vector containing the operably attached genes, cDNA segments or nude- 

[0030] The expressed proteins (monomers or dimers) are isolated and purified by standard protein purification proc- 
f^nl!* underst00d that ■» expression vectors capable of expressing heterodimeric forms of VEGF II will con- 
tain a DNA sequence which will encode an A subunit and a DNA sequence which will encode a B subunit Expression 
vectors capable of expressing homodimeric and heterodimeric forms of VEGF II B may also contain either one or two 
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DNA sequences which encode two B subunits. 

[0031 1 ] The ability of the various species of VEGF II to stimulate the division of vascular endothelial cells makes this 
protein in all microheterogeneous forms and alternative splicing forms useful as a pharmaceutical agent. Trie protein 
as used herein is intended to include all microheterogeneous forms as previously described. The protein can be used 
to treat wounds of mammals including humans by the administration of the novel protein to patients in need of such 
treatment. 

[0032] The novel method for the stimulation of vascular endothelial cells comprises treating a sample of the desired 
vascular endothelial cells in a nutrient medium with mammalian VEGF II, preferably human or rat. at a concentration of 
about 1-10 ng/mi. If the vascular endothelial cell growth is conducted in vitro, the process requires the presence of a 
nutrient medium such as DMEM or a modification thereof and a low concentration of calf or bovine serum such as about 
0 to 2% by volume. Preservatives such as antibiotics may also be included; these are well known in the art 
[0033] The novel growth factors of this invention are useful for the coverage of artificial blood vessels with vascular 
endothelial cells. Vascular endothelial cells from the patient would be obtained by removal of a small segment of periph- 
eral blood vessel or capillary-containing tissue and the desired cells would be grown in culture in the presence of VEGF 
II and any other supplemental components that might be required for growth. After growth of adequate numbers of 
endothelial cells in culture to cover a synthetic polymeric blood vessel the cells would be plated on the inside surface of 
the vessel, such as fixed umbilical vein, which is then implanted in the patient. Alternatively, tubular supports are coated 
in yfee with VEGF II prior to implantation into a patient. Following implantation endothelial cells migrate into and grow 
on the artificial surface. Prior coating of the artificial vessel either covalently or noncovalently, with proteins such as 
fibrin, collagen, f ibronectin or laminin would be performed to enhance attachment of the cells to the artificial surface. 
The cell-lined artificial vessel would then be surgically implanted into the patient and, being lined with the patients own 
cells, would be immunologically compatible. The non-thrombogenic endothelial cell lining should decrease the inci- 
dence of clot formation on the surface of the artificial vessel and thereby decrease the tendency of vessel blockage or 
embolism elsewhere. 

[0034] The novel proteins are also useful for the production of artificial vessels. Vascular endothelial cells and smooth 
muscle cells from the patient would be obtained and grown separately in culture. The endothelial cells would be grown 
in the presence of VEGF II as outlined above. The smooth muscle would be grown in culture by procedures well known 
in the art. A tubular mesh matrix of a biocompatible polymer (either a synthetic polymer, with or without a coating of pro- 
teins, or a non-immunogenic biopolymeric material such as surgical suture thread) would be used to support the culture 
growth of the smooth muscle cells on the exterior side and vascular endothelial cells on the interior surface. Once the 
endothelial cells form a confluent monolayer on the inside surface and multiple layers of smooth muscle cells cover the 
outside, the vessel is implanted into the patient. 

[0035] The novel peptides can also be used for the induction of tissue repair or growth. The pure VEGF II would be 
used to induce and promote growth of tissue by inducing vascular growth and /or repair. The peptide can be used either 
topically for tissue repair or intravascularly for vascular repair. For applications involving neovascularization and healing 
of surface wounds the formulation would be applied directly at a rate of about 1 0 ng to about 1 mg/cm^day. For vascular 
repair VEGF II is given intraveneously at a rate of about 1 jig to about 100 |ig/kg/day of body weight. For internal vas- 
cular growth, the formulation would be released directly into the region to be neovascularized either from implanted 
slow release polymeric material or from slow release pumps or repeated injections. The release rate in either case is 
about 100 ng to about 100 jig/day/cm 3 . 

[0036] For non-topical application the VEGF is administrated in combination with pharamaceutically acceptable car- 
riers or diluents such as, phosphate buffer, saline, phosphate buffered saline, Ringer's solution, and the like, in a phar- 
amaceutical composition, according to standard pharmaceutical practice. For topical application, various 
pharmaceutical formulations are useful for the administration of the active compound of this invention. Such formula- 
tions include, but are not limited to. the following: ointments such as hydrophilic petrolatum or polyethylene glycol oint- 
ment; pastes which may contain gums such as xanthan gum; solutions such as alcoholic or aqueous solutions; gels 
such as aluminum hydroxide or sodium alginate gels; albumins such as human or animal albumins; collagens such as 
human or animal collagens; celluloses such as alkyi celluloses, hydroxy alkyl celluloses and alkylhydroxyalkyl cellu- 
loses, for example methylceliulose, hydroxyethyl cellulose, carboxymethyi cellulose, hydroxypropyl methylcellulose. and 
hydroxypropyl cellulose; polyoxamers such as Pluronic® Polyols exemplified by Pluronic® F-127; tetronics such as tet- 
ronic 1508; and alginates such as sodium alginate. 

[0037] The following examples illustrate the present invention without, however, limiting the same thereto. 
EXAMPLE 1 

Preparation of Medium Conditioned Bv GS-9L Cells 



[0038] GS-9L cells were grown to confluence in 175 cm 2 tissue culture flasks in Dulbecco's Modified Eagle's 
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Medium/10% newborn caff serum (DMEM/NCS). At confluence the medium was decanted from the flasks, the flasks 
were washed with calcium and magnesium free phosphate buffered saline (PBS) and the cells were removed by treat- 
ment with a 1X solution of trypsin/EDTA. The cells (1 x 10 8 ) were pelleted by centrrfugation, resuspended in 1500 ml 
of DMEM/5% NCS and plated into a ten level (6000 cm 2 surface area) cell factory (NUNC). After 72 hours incubation 
at 37°C in a 5% C0 2 atmosphere the medium was decanted and the cell factories were washed 3 times with PBS. The 
cells were refed with 1500 ml of a 1 5 mixture of Ham's F-12/DMEM containing 25 mM Hepes, 5 jig/ml insulin, 10 fig/ml 
transferrin and 1,0 mg/ml bovine serum albumin. This medium was changed with fresh F-12/DMEM after 24 hours and 
collected every 48 hours after that. The conditioned medium was filtered through a Whatman #1 paper to remove cell 
debris and stored frozen at -20°C. 

EXAMP|_g2 

Carboxvmethvl-Seohadex® Chromatography 

[0039] GS-9L conditioned medium, from Example 1 , was thawed and brought to pH 6.0 with 1 M HCI. Two grams of 
CM Sephadex C-50 cation exchange (Pharmacia) resin pre-equilibrated in PBS adjusted to pH 6.0 with 1 N HCI is 
added to 20 liters of conditioned medium. The mixture was stirred at low speed for 24 hours at 4°C. The resin was then 
allowed to settle and the medium is siphoned off. The remaining resin slurry was packed into a 3.0 cm diameter column 
and any remaining medium is allowed to drain off. Unbound protein was washed off the column with 0.05 M sodium 
phosphate, pH 6.0, containing 0.15 M NaCL Vascular endothelial growth factor activity was eluted from the column with 
a subsequent wash of 0.05 M sodium phosphate, pH 6.0, containing 0.6 M NaCI. 

EXAMPLE 3 

Concanavalin A (Con A\ Lectin Affinity Chromatography 

[0040J A 0.9 cm diameter column containing about 5 ml of packed Con A agarose (Vector Laboratories) was equili- 
brated with 0.05 M sodium acetate, pH 6.0, containing 1 mM Ca ++ , 1 mM Mn~ and 0.6 M NaCI. The active eluate from 
the CM Sephadex C-50 column, Example 2, was applied to the Con A agarose and unbound protein was washed from 
the column with equilibration buffer. The column was then rinsed with three column volumes of 0.05 M sodium acetate, 
pH 6.0, containing 1 mM Ca^. 1 mM Mn" and 0.1 M NaCI. Bound protein was subsequently eluted from the column 
by application of this buffer supplemented with 0.32 M a-methyl mannoside and 0.28 M a-methyl glucoside. 

EXAMPLE 4 

Polvaspartic Acid WCX H PLC Cation Exchange Chromatography 

[0041 J The active eluate from the Con A column, Example 3, was applied to a 25 cm x 4.6 mm poly(aspartic acid) 
WCX cation exchange HPLC column (Nest Group) pre-equilibrated in 0.05 M sodium phosphate buffer, pH 6.0. The col- 
umn was eluted with a linear gradient of 0 to 0.75 M NaCI in this buffer over 60 minutes at a flow rate of 0.75 ml/min 
collecting 0.75 ml fractions. VEGF II activity present in fractions eluting between approximately 21. 7 and 28.5 ml were 
pooled as shown by solid horizontal bar in Fig. 1 . 

EXAMPLE 5 

Metal Chelate Chromatography 

[0042] The active fractions eluted from the poly(aspartic acid) WCX column, Example 4, that contain VEGF II were 
pooled, adjusted to pH 7.0 and loaded onto a 1 x 10 cm column of Pharmacia Chelating Sepharose 6B charged with 
an excess of copper chloride and equilibrated in 0.05 M sodium phosphate, pH 7.0, containing 2 M NaCI and 0.5 mM 
imidazole (A buffer). VEGF II was eluted from the column with a gradient from 0-20% B over 10 minutes, 20-35% B over 
45 minutes and 35-100% B over 5 minutes at a flow rate of 0.3 ml/min, where B buffer was 0.05 M sodium phosphate 
pH 7.0, containing 2 M NaCI and 100 mM imidazole. The active fractions containing VEGF II activity eluting between 
12.6 and 22.8 ml of the gradient effluent volume were pooled as shown by the solid horizontal bar in Fig. 2. 
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EXAMPLES , 

Reverse Phasa Chr omatography 

[0043] The fractions containing VEGF II activity pooled from the metal chelate column. Example 5 were loaded onto 

iilTn rS S 3C ? r6VerSe Ph3Se HPLC COlumn (S ^ m t*™* size > «l"»ibra»ed in solvent A (0.1% trifluoro- 
acetic acid (TFA» The column was eluted with a gradient of 0-30% solvent B over 15 minutes. 30% B for an additional 

^ 5 W3S ma,nta,ned at 0 75 ml/min - 7he active VEGF 11 ,ractions eluti "9 between approxf- 
mately 32.2 and 37.5 ml of the gradient effluent volume were pooled as shown by the solid horizontal bar in Figl 

EXAMPLE 7 
Mitoaenie Assays 

^^^i^'^ei" endothelial cells (HUVE) were plated on gelatin^oated 48 well tissue culture dishes at 

tn t « S Ce "!S f°° M ' ° f MedUm 1 " COnteinin9 20% heat inactiva,ed **" <*» ^rum (PCS). Samjli 
to be assayed were added at the time of plating. The tissue culture plates are incubated at 37° C for 12 hounsand 2 
microcurtes of tritiated thymidine (NEN, 20 Ci/mmol) was added per ml of assay medium (1.0 nCiAweH). The plates^were 

ZESH* a ™ r 1u- assay medium was removed *« plates were ****** Ha ^ 

SJSSEryiT ,f 5 ' , PH 75, 3nd 05 m9/ml ^ serum albumin - ™ e cells *ere lysed and the labeSd 
S0 J ubl,lzed Wlth 200 of a «""«on containing 2 gm of sodium carbonate and 400 mg sodium hydroxide in 100 ml 
water. The incorporated radioactivity was determined by liquid scintillation counting 

m2 9 J?" c °" c ![* ati ° n of VEGF " which e«cited a half-maximal mitogenic response in HUVE cells was approxj- 
mately 2 ± 1 ng/m . The glycosam.noglycan heparin, which is required in these assays at a level of 10-100 ug/mlto pro- 

ceTs byVEGF N 6 ' C ° ntr0 '' "** ***** ^ d ° 6S not enhance mit0 9 enic sti ™ ,a "°" * ^ 

EXAMPLE B 

Purity And Protein Struc ture Characterization of VFGF II 

[0046] Purity of the protein under non-reducing conditions was determined by SDS-PAGE in 12 5% crosslinked aels 
accord,ng to the method of Laemmli. Nature 227: 680-685 (1970). The silver-sLned gel contain* a sinTe ^ wtth 
T" ^^^y 58 kDa - VEGF " Migrated in SDS-PAGE under wJudJiStoT in S 
SSJT^y? «" 3 ** Si,ver - Steined tend wrth W« molecular mass of approximately £ to? 

l^JTl r& !*" i P S 6 ° 4 HPLC chn "*W*W at the stage of the purification protocol previous* 
£fj? K P " ^ Pr0te ' n °" 2 W) W6re VBCUum evaporated to dryness in acid-washed 10 x 75 mm 
glass tubes and reduced for 2 hours at 50'C in 100 U of 0.1 M Tris buffer. P H 9.5. and 6 M guanidinium chlorite <T 

tein was s l° A ^ 2 °^ M dit ^ threi, ° l (Ca ' bi0Chem ' Ultr °' 9rade > under an a '9°n atmolphereTe 

te n was suteequenfly ^methylated for 1 hour at 20'C by the addition of 100 pi of 0.7 M Tris. P H 7.8. conSng 

m rl J\ fluanidinwm chloride. 9.2 M M unlabeled iodoacetic acid and 50 nCi of iodo[2- 14 Clacetic acid (17 1 
5^1 A f h C ° mpleti ° n ° f *• ^^thWation. the mbcture L loaded dirert^o a ,21'! 

5.0 cm Vydac C 4 column wh.ch had been preequilibrated in 0.1% TFA. The reduced and carboxymethylated protein 

ml/rn.n and stored .n th.s elution solution at 4«C. The reduced and carboxymethylated protein eluted as two peaks at 

S Jf^f 0f ,; e ^ P rote,n subunrts ^'ated after reduction and ^xymethylation were each applied to po^ 
oSt 2 S 9 Wt6rS N - terminal S6qUenCeS were determined by Edman degradation^^ AB^gas 

ESSZ^ST? 7 n nCt0n T th a " AB ' 12 ° A 00 " ne Pnen/lthiohydantoin analyzer blowing manufacturers 
^SSSi^^SS!^^ 1 28 m ' (A SUbunit > * elded « amino telna, sequent 

tV^^I ^ >™ EGF 1 • 1116 peak of ^sorbance eluting at approximately 25 ml (B subunittyielded 

the N-termmal sequence ALSAGN(X)STEMEWPFNEV plus a nearly equal amount of a truncated form of 11 ^ same 

SKSSTT 9 *T ^ ^ miSSi " 9 X readUe C ° rreSp0nds t0 an ^ in the clont. s^uenS Jnce 

?iS stZHhoT?- 3 C 5" 031 Asn " X - Sermir N-g.ycosy.aton sequence it is presumed to be glycosylated. The 
P ^ H de l w ^. recovered in "early equal amounts supporting the interpretation L the two 
peptides combine to form an AB heterodimer in VEGF II. 
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I0 Sf 91 carbox y meth y f at«l A and B subunits (650 ng each) were each dried by vacuum evaporation in 

ao^washed 10 x 75 mm glass tubes. Lys C protease (50 ng. Boehringer Mannheim), an enzyme that cleaves on the 
carboxyl terrrunal side of lysine residues, was added to each tube in 100 0 of 25 mM Tris. pH 8.5. 0.1 % EDTA The 
substrate prote.n subunits were separately digested at 37«C for 8 hours and the resulting polypeptides resolved by 
H^S^k , < H rama, ? raphy °" a 4 6 x « cm Vydac C 18 column equilibrated in 0. 1 % TFA. Polypeptides 

? X e '^ 0n 8 2 h0Ur " near ^ ientof O^«etonrtrilein0.1%TFAataflowrateof0.75mVmin 
at 20 C. Individual peaks were manually collected and stored in this elution solution at 4°C. 

[0050] The amino acid sequences of the isolated peptides were then determined using Edman degradation in an ABI 
gas phase sequenator in conjunction with the AB1 120 A on line phenylthiohydantoin analyzer (Applied Biosystems Int ) 
The peptide sequences are shown in the following Figs. 5 and 6. The amino acid sequence of Lys C fragment L20 (Fig 

sequence of Lyc C fragment L26 (F,g. 6) demonstrates that the form of VEGF II B subunit in the heterodimer is the 135 
3 mi no acid form. 

15 EXAMPLE 9 

Clonino and Sequ pncino of the VEGF II A Mnnnmpr 

PCR Amplification. Cloning a nd Sequencing of P423fi 

20 

!fl JZc^T 3 ! 6 oli f nucleo,ides were synthesized in order to amplify the cDNA encoding the peptide 
sequences of VEGF A subunrt between LysC fragment L 42 and tryptic fragment T38. These oligonucleotides were: 

L42.2 5TTTGTCGACTT[TC]ATGGA[TC]GT[N]TA[TC]CA 3' T383B 
25 5' CAGAGAATTCGTCGACA[AG]TC[N]GT[AG]TTrjC]TT [AG]CA 3' 

where N=ACGT 

!!?„ 5 . 21 Wa !, isolated from GS - 9L ^ing the Fast Track RNA isolation kit from Invitrogen and the pro- 

tocol provided. First strand cDNA synthesis was performed as follows; 

30 .rc??. ■ ■ ■ .! * ?f?„ L . u NA W8S annea ' led 10 1 M9 0f adapter P rimer TA17 ^ 5-GACTCGAGTCGACATC- 

^^^^ 

3.0 jxl water 

35 li ^ !!!? bUffSr (5 °° mM TriS ' HCI pH 8 * 3 ' 750 mM KCI - 100mM M SCI 2 , 5 mM spermidine) 
2.5 fJ 100 mM DTT ' 

2.5 10 mM each dATP, dGTP, dCTP, dTTP 

0.6 jil 15 units RNasin 

2.5 |U 40 mM Na pyrophosphate 

40 1.5 pJ 15 units reverse transcriptase 

[0054] a ^R^Sns WaS ,nCUbated ^ 42 °° ^ 1 ^ th6n di,Uted t0 1 ml in 10 mM Tris " Ha 1 mM EDTA, pH 7.5. 

[0055] Primary reaction ( 1 00 |il) 

45 

1 0 Hi 1 0X buffer from Perkin Elmer Cetus GeneAmp kit 

1 6 |il 1 .25 mM each stock of dATP, dCTP, dGTR and dTTP 

2|il first strand GS9L cDNA 

2 |il 50 pMoles L42.2 

so 2 fil 50 pMoles T383'B 

0.5 |J 2.5 units Amplrtaq DNA polymerase 

67.5 |il water 

Reaction conditions, 40 cycles of 94°C, V; 50°C ) 2*30"; 72°C, 2' 
55 [0056] Prep scale secondary reaction: 

100 |il 1 0X buffer 

1 60 |il 1 .25 mM each stock of dATP, dCTP, dGTR and dTTP 
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1 0 ni primary PCR reaction 
20 jil 500 pMoles L42.2 
20 Ml 500 pMoles T383'B 
5 (J 25 units Amplitaq DNA polymerase 
685 m! water 

Reaction conditions 94°C, 1 '; 55°C, 2*; 72°C 2*- 30 cycles 
PCR Ampfifiratin n. Cloning and Seq uen cing of pW-3 

307 5TITGTOACTCAGAGCGGAGAAAGC 3' and oligo 289 5TTTGTCGACGAAAATCACTGTGAGC 3* These nrim- 
ers were used m comb.nat.on with oligoA 1 7 5'GACTCGAGTCGACATCG 3' to amplify the cONAa^ngT?SoOH 

20 [0060] Primary reaction 100 mI 

1 0 mI 1 0X buffer from Perkin Elmer Cetus GeneAmp kit 

1 8 Ml 1 .25 mM each stock of dATR dCTP, dGTR and dTTP 

0.35 Ml first strand GS-9L cDNA 

25 2 mI 50 pMoles oligo 289 

0.5 mI 2.5 units Amplitaq DNA polymerase 

67.15m! water 



30 



S^SSSI 9 !? 5, 1 ; :5 «° C - 2 ' ;72 ° C - 2 ' 10cyc.es then add 50 P MolesA17.then 1 cycle of 94'C. V;58-C 2- 
72 C, 40 followed by 40 cycles 94°C ( 1'; 58°C, 2'; 72°C, 2*. ' 

[0061 J Prep Scale secondary reaction: 



60 Ml 1 0X buffer 

1 08 Ml 1 .25 mM each stock of dATR dCTR dGTR and dTTP 

35 24 Ml primary PCR reaction 

1 2 Ml 300 pMoles oligo 307 

12 mI 300 pMoles oligo A1 7 

3 Ml 15 units Amplitaq DNA polymerase 

381mI water 

40 

Reaction conditions 94°C, V; 58°C P 2'; 72°C, 2'; 30 cycles. 

Ef 21 J** T R *? r0dUGt W3S PUflf i6d 00 3 1% ag ^ rose 9 el and di 9 ested restriction endonuclease Sal I The Sail 
fragment was then l.gated into Sa1 1 cut pGEM3Zf( + ). The ligation mix was used to transfo^ ™, as 1 

DNA was .solated from white transforms and sequenced by the dideoxy chain termination mS 

PCR Amplification Cloning and 5^ . spring of 

in . * „ 9 the 5 RACE techni£ l ue described by Frohman fit at, supra, Oligo 151 was synthesized 

£L™ S^SSSSiS^^ RNA isolafion * from ^ ^ - ^ 

redV-S 

1.5 nl 10X buffer (SOOmM Tris-HCI. pH 8.3. 750 mM KCI, 100 mM MgCI 2 , 5 mM spermidine) 
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2.5 yJ lOmMDTT 

2.5 Ml 1 0 mM each dATR dGTR dCTP, dTTP 
0.6 m* 25 units RNasin 
2.5 mI 40 mM Na pyrophosphate 
5 9.5|il 20 units diluted reverse transcriptase 

m ? f ^i n W3S inCUbated * 42 ° C f0r 1 h0Ur * Excess oli 9° 151 ™* amoved by Centricon 100 spin columns 
and the 5 end of the cDNA was tailed by the addition of dATP and terminal transferase. The tailed cDNA was diluted to 
a final volume of 150 )i\ in 10 mM Tris-HCI, 1 mM EDTA pH 7 5 
10 [0066] PCR Reactions: 
[0067] Primary reaction (50 

5 Ml 1 0X buffer from Perkin Elmer Cetus GeneAmp Kit 
8 Ml 1 .25 mM each stock of dATRdCTRdGTR and dTTP 

is 5 Ml first strand GS-9L cDNA prime with oligo 151 and tailed 

1 M' 25 pMoles oligo 113 

1 Ml 25pMolesoligoA17 

1 Ml 10pMolesoligoTA17 

0.25 Mi 1 .25 units Amplitq DNA polymersase 
20 28.75 Ml water 

r rt ~«, Reaction co*»>nB; 1 cycle 94'C 1'; 50*C 2'; 72°C 40* then 40 cycles of 94°C Y; 50*C 1'30"- 72«C 2' 
[0068] Prep scale secondary reaction: 

25 60 Ml 10X buffer 

96 Ml 1 .25 mM each stock of dATP, dCTR dGTR and dTTP 

6 Ml primary PCR reaction 
12 Ml 300 pMoles oiigo 74 
12 Ml 300 pMoles oligo A1 7 

30 3 Ml 15 units Amplitaq DNA polymerase 
411 Ml water 

Reaction conditions 94°C, V; 55°C, 2'; 72°C, 2'30 cycles. 

2? Sn r^l^ ™°T aXQd by CentriC ° n 100 C0,umns ' and dj 9 ested with Action endonucie- 

^ int ° 8311 CUt & EmZ ^ ^ ■* was used to transform E. coli 

melS tZ^T* ^ T™- T fransformants and sec ^ c ** «V **wy chain termination 
method. The base sequence is shown in Fig. 5. 
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Cloning and sequencing g f alternative fgrms of VEGF A ^ dma 
[0070] 



[0070] Based on the sequence obtained from the p5-15 and pW-3 clones, two specific PCR primers were svnthe- 
3 Z %l g0 n?° 5> ^ GTC ^ C ^CATGAACTTTCTGC 3' and oligo 181 5' TTTGTCGACGGTGAGAGGTCTAG^^ 

?00^ r PrS t0 3mP!ify mU,tiP,e CDNAS enCOdinQ ^ * ** VEGF A SUbUnit 



50 Ml 1 0X buffer 

80 Ml 1 .25mM each stock of dATR dCTP, dGTR and dTTP 

1 0 Ml first strand GS-9L cDNA 

10 Ml 300pMoles oligo 5*C 

50 10 Ml 300pMoIes oligo 181 

2.5 Ml 15 units Anplitaq DNA polymerase 

337.5 m! water 



55 



Reaction conditions 94°C, V; 5B°C, 2'; 72°C, 3'; 40 cycles. 

SI 2lnn^ U ^ P henol/ch,oraf0 ^. concentrated by Centricon 30 spin columns, precipi- 

tated by ethanol, and digested with restriction endonuclease Sal I, and ligated into Sail cut pGEM3Zf( + ) The Hoation 

dideoxy cha.n termination method. Three sets of clones were identified. Clone #12 encoded the ?64 amino acid 
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secreted form of VEGF A subunit identical to that shown in Rg. 4. The 164 amino acid form of VEGF A subunit is that 

I™™*™* S ^^ nC f T' n 9 «>nfin"ousfy from Ala 27 to Arg^. Clone#14 has a 135 base pair deletion between the 

ZZlSZZSSi I £ . COd k °" and *" *** tese A^codon. This clone thus encodes a 120aa secreted 

%Z ?J ? *3?T?? COnVe ^° n * 10 LyS 7,16 120 amino acid torm of VEGF A sub ""» ™* 
from Ala toAsn wh.ch becomes Lys 140 and does not begin until Cys' 85 . this form also finishes at Arg 1 *> Clone 

#16 has a 72 base pair insertion between the second and third base of the Asn 14 ° codon. This clone thus encodes a 

188 ammo acid secreted form of the VEGF A subunit with the conversion of Asn 140 to Lys 140 . The nucleotide sequence 

and the deduced amino acid sequence of this insertion is: 
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25 EXAMPLE 10 

Cloning and Segugnri no of the VEGF II B Subunit 
PCR Amplification, Cloning and Sequencing of pVft 
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I 0 ! 731 T ™< wroi e n 8 I ate oli 9° nuc,eotides wer © synthesized in order to amplify the cDNA encoding the peptide 
sequences of VEGF II B on Lys C fragment L50. These oligonucleotides were: 

YI 5' TTTGTCGACATA[TC]AT[TCA]GC[N]GA[TC]GA[AG]C 3* 
GC 5' TTTGTCGACTC[AG]TC[AG]TT[AG]CAIAG]CAtN]CC 3' 

where N=ACGT 

svr^s ssf f r GS " 9L cd i^ 

vioed. First strand cDNA synthesis was performed as follows; 

ffiiinMmMmK A, T " B8 annea ' ,ed t0 1 m 0f P nmer TA17 - 5'GACTCGAGTCGACATC- 

ateTo^r^ 

45 3.0 *il water 

H 1 !™ b » ef (5 °° mM TriS " HCI> pH 8 ' 3 ' 750 mM KCi - 100 mM MgCI 2 . 5mM spermidine) 
2.5 |xl 100 mM DTT 1 

2.5 y\ 10 mM each dATP, dGTP, dCTP, dTTP 

0.6 pi 15 units RNasin 

so 2.5 40 mM Na pyrophosphate 

1 5 p\ 15 units reverse transcriptase 

t0076] a, p CR Retrtions^ * ^ *" 1 ^ t0 1 ml in 10 ' mM EDTA, P H 7.5. 

55 [0077J Primary reaction (50^J) 

5 $ 1 0X buffer from Perkin Elmer Cetus GeneAmp kit 

8 mJ 1 .25 mM each stock of dATP, dCTP, dGTP, and dTTP 
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1 \i\ first strand GS-9L cDNA 

1 M> 50 pMoJes oligo Yl 

50 pMoles oligo GC 
0.25 ^ 1 .25 units Amplitaq DNA polymerase 
5 33.75 Ml water 

Reaction conditions, 40 cycles of 94°C, V; 50°C. 2*; 72°C, 2\ 
[0078] Prep scale reaction 

10 60 Ml 10X buffer 

96 Ml 1 .25mM each stock of dATP t dCTP, dGTP, and dTTP 

1 2 Ml first strand 659L cONA 

12 Ml SOOpMoles oligo Yl 

12 Ml SOOpMoles oligo GC 

is 3 Ml 15 units Amplitaq DNA polymerase 

405 Ml water 

Reaction conditions 94°C, V; 50°C, 2'; 72°C, 2*40 cycles. 
[0079] The PCR product was concentrated by Centricon 30 spin columns and digested with restriction endonuclease 
Sail. The Sail fragment was then ligated into Sail cut pGEM3Zf(+). The ligation mix was used to transform E. cpji XL-1 
blue. Plasmid DNA was isolated from white transformants and sequenced by the dideoxy chain termination method. 

PCR Amplification C loning and Sequencing of p,W? 

[0080] Based on the sequence obtained from the pYG clones, a specific PCR primer was synthesized; oligo HP 5' 
TTTGTCGACACACCCTAATGAAGTGTC 3\ This primer was used in combination with oligo A1 7 5' GACTCGAGTCGA- 
CATCG 3* to amplify the cDNA encoding the COOH terminus of the VEGF II B subunit using the 3' RACE technique 
described by Frohman fit aj., PNAS fig: 8998-9002 (1988). 
[0081 ] Preparative PCR reaction: 



20 



25 



30 



60 Ml 10X buffer from PerWn Elmer Cetus Gene Amp Kit 

1 2 Ml first strand 659L cDN A 

96 Ml 1 .25 mM each of dATP, dCTP, dGTP, dTTP 

1 2 Ml 300 pMoles oligo A1 7 

35 1 2 Ml 300 pMoles oligo HP 

3 Ml 15units Amplitaq DNA polymerase 

405 Ml water 



Reaction conditions 1 cycle of 94°C, V; 58°C, 2'; 72°C, 2'; followed by 40 cycles 94°C ( 1\ 58°C, 2* and 72°C 2' 
40 [0082] The PCR product was concentrated by Centricon 30 spin columns, precipitated with 'ethanol and digested with 
restriction endonuclease Sa1 1. The Sa1 1 fragment was then ligated into Sail cut pGEM3Zf(+). The ligation mix was 
used to transform E. coli XL-1 blue. Plasmid DNA was isolated from white transformants and sequenced by the dideoxy 
chain termination method. 

45 PCR Amplif ication. Cloning and Sequencing of pfiVP 

[0083] Based on the sequence of pYG clones, two specific PCR primers were synthesized- oligoVL' 5' TTTGTC- 
GACAACAGCGACTCAGAAGG 3' and oligoVS' 5' TTTGTCGACACTGAATATATGAGACAC 3'. Tnese primers were 
used in combination with oligo A17 5' GACTCGAGTCGACATCG 3' to amplify the cDNA encoding the amino terminus 
so of the VEGF II B subunit using the 5* RACE technique described by Frohman a aj., supra. Oligo 151 was synthesized 
in order to prime cDNA from GS-9L RNA Oligo 151 is 5* CTTCATCATTGCAGCAGC 3' 

[0084] Ploy A + RNA was isolated from GS9L cells using the Fast Track RNA isolation kit from Invitrogen using the pro- 
tocol provided. First strand cDNA synthesis was performed as follows: 

[0085] One Mg of GS9L RNA was annealled to 1 Mg of oligo 151 by incubating in a volume of 6 Ml at 70*C for 5' fol- 
55 lowed by cooling to room temperature. To this reaction was added: 

1.5 mJ 10X buffer (500 mM Tris-HCI. pH 8.3. 750 mM KCI, 100 mM MgClo. 5mM spermidine) 
2.5 m* 10 mM DTT 
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2.5 ill 10 mM each dATP. dGTP, dCTP, dTTP 

0.6 nJ 25 units RNasin 

2.5 pJ 40 mM Na pyrophosphate 

9.5 nJ 20 units diluted reverse transcriptase 

The reaction was incubated at 42°C for 1 hour. 

SSL nfriATP ^ 151 W f by 100 Spin <X>,umns and 5 ' end ° f the cDNA tailed by the 

T5S ED^aX? Mras * The tailed cDNA was diluted to a final volume of 150 m in 10 mM Tris He' 

[0087] PCR Reactions: 
[0088] Primary reaction (50 jil) 



5 pJ 1 0X buffer from Perkin Elmer Cetus GeneAmp Kit 

8 \i\ 1 .25 mM each stock of dATRdCTRdGTR and dTTP 

w 5 \i\ first strand GS9L cDNA primed with oligo 1 51 and tailed 

1 25 pMoles oligo VL' 

1 Ml 25pMolesoligoA17 

1 Ml 10pMolesoligoTA17 

0.25 Ml 1 .25 units Ampiitq DNA polymersase 
20 28.75 Ml water 

™, R l aCti0nCOnditi0nS; 1 c y de94 °C.r;58°C, 2'; 72*C.40' then 40 cycles of 94°C, V58°C 2" 72'C 2' 
[0089] Prep scale secondary reaction: 

25 100 Ml 1 0X buffer 

1 60 Ml 1 .25 mM each stock of dATP, dCTP, dGTP, and dTTP 

1 0 Ml primary PCR reaction 

20 \i\ 500 pMoles oligo VS' 

20 Ml 300 pMoles oligo A1 7 

30 5 Ml 25 units Amplhaq DNA polymerase 

685 Ml water 

Reaction conditions 94°C, V; 58°C ( 2'; 72°C, 2'30 cycles 

35 EL »^? UCt ^ S < T aCted With P henol/chloro fo^. concentrated by Centricon 30 spin columns, precipi- 

"* reStr,Ct ° n endonuclease Sa »- Sail fragment was purified on 4% Nu-Sieve Aga- 
Z hSEr.^h? 12* PGEM3Z, W- ^ "■*» ™ ™* "*d to transform E coji XL-1 blue. P.asmld DNA 
was isolated from whrte transformants and sequenced by the dideoxy chain termination memod 
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45 



PCR Amplification. Cloning and Sequenci n g of pCVg ^nH v C\\f<? 1 



SSI? , s ^ uences of P3V2 and p5CV2 clones, two specific PCR primers were synthesized- oliao 

5 CV2. 1 5' TTTGTCGAC[N][N]GCAGGTCCTAGCTG 3' and oligo 3'CV2 5' TTTGTCGAC[^[N]CTA^^ 
3 .These pnmers were used together to amplify the cDNA encoding the VEGF B subunrt JtNJ0TAATAAATAGAGGG 
[0092] Preparative PCR Reaction: 



40 Ml 


10X buffer 


64 Ml 


1.25 mM each dATP, dTTP, dGTP, dCTP 


8 Ml 


first strand GS-9L cDNA 


8mJ 


200 pMoles 5'CV2.1 


so 8mJ 


200 pMoles 3'CV2 


2\x\ 


10units Amplitaq DNA polymerase 


270 Ml 


water 



55 



Reaction conditions: 94"C > V, 58°C, 2', 72°C, 2'- 40 cycles 

EL l"?"* ™ ^ P henol/<;hloroform . concentrated by Centricon 30 spin columns, precipi- 

tated by ethanol. and digested with restr.ct.on endonuclease Sal I. and ligated into Sal I cut pGEM3Zf( + ) The Norton 
muwasusedtotransformE.coHXL-1 bfue. Plasmid DNA was isolated form white transfromante arri sequenced by the 
dKfeoxy cha,n term.nat.on method. Two sets of clones were identified, one encoded a 135 amino J££m2. and 
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the other encoded a 1 15 amino add sequence, see Figures 6 and 7 respectively. 
CDNA Cloning nf VEGF B Siihtinrt 

[0C ^L T he ° NA 3nd Pr0tein sec » uences for *» a™™ terminus of the signal peptide of VEGF B was determined from 
a cDNA clone isolated from a cDNA library constructed from GS-9L polyA* RNaT determined from 

[0095] First Strand Synthesis 

SS IL^dA 500 mM T^is ' HC,, pH 83 {42 ° C) - 750 KC1, 100 mM MsC ' 2 ' 5mM * eMe 

S.Sjil 10 mM each dATP, dTTP, dCTP, dGTP 

1.4jil (55units) RNasin 

is 5.5jil 40mM NaPPi 

1 3.5^1 55units AMV reverse transcriptase 

Incubate at 42° C 60'. 
[0096] Second Strand Synthesis: 
20 [0097] Assemble reaction mix 

50 nl first strand reaction 

51 !S? JSStt 0 mM Tris * HC1, pH7 " 2, 850 mM KCU 30 mM M9Cl2 1m9/ml BSAi 100 mM (NH ^ so < 

25 25 |il 1mM NAD 

6.5 Hi (65units) E. sjN DNA Polymerasel 

2.5 nJ (2.5units) E. coli DNA Ugase 

2.5 \i\ (2 units) E. £qH RNase H 

135 ^1 water 



30 



C for li 25 a ^M?ni T T^J° ° ^ 10 ' 1 Ul (1 ° U nitS) 74 DNA "ncutato at 37- 

m £1 ' ? 0.2M EDTA an extract with phenol/chloroform, then precipitate by the addition of 0 5 volume of 7 5 

1m ED™ V0lUm6S ° f e,han °'' Pr6Cipte,e 3nd r6SUSpend * » H * 10 mM^s Ha PH 7 5 

35 [0098] cDNA Library Construction 

SSSnnJ? ^^JT 8 ' i9ated int ° EC ° R1/ Xbal di9ested La^WaGEM^ (Promega Biochemicals) after the 
ctones ^ co ^ lifters and digestion with EcoR1 and Xbal. A cDNA library was amplified from ~50,^00^dep^nderrt 

[0100] Isolation of Rat VEGF B cDNA Clone 

we're' Is *™* by Pl ^ Ue V****" ^ as a probe. Hybridization conditions 

5XSSC (1XSSC is 0.1 5M sodium chloride, 0.01 5M sodium citrate 
50% Formamide 

5X Denhardt's Solution (1% Ficoll, 1% polyvinylpyrrolidone, 1% bovine serum albumin) 
0.15 mg/ml salmon sperm DNA 
hybridize overnight at 42° C. 

so SJ™^^^^ 1%SDS 
so at 50C for 30 . Positive clones were identified by autoradiography. 

^2a^TEmlM^lZ aS di9eSted *S reStriCti0 " endonuc,ease S Pe' and A. 1.1Kb band ligated into 
ami digested pGEM3Zf(+). The ligation mix was used to transform EcM XL-1 blue. Plasmid DNA was isolated from 
whrte transformants and sequenced by the dideoxy chain termination method. The cDNA sequence and D^^icted 
ammo acd sequence of the signal peptide are shown in Fig.6 and Rg 7 sequence and predicted 

55 [0104] The entire nucleotide and amino acid sequence of the 1 15 amino acid form is shown in Fio 7 The secreted 

f J" d Mntinues ,0 Arg138 ^ nude0tide and amino acid !S oi Z 135^mino ac« 
form is shown m F.g. 7. The secreted protein starts at Ala 24 and continues to Leu 158 . 
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Claims 



1. 



A mammalian vascular endothelial growth factor II, which comprises: 
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a an A subunrt. wherein sad A subunit is selected from the group consisting of a 188 amino acid mature form 
^ialy^^mi^uMhH SaK ll^ ^ mino a cid mature form has the amino acid sequence shown in Figure 5 from 
f J f^ 9 ^ "V* substrtutl0n of Asn 1 40 to Lys 140 and the insertion of the amino acid sequence Lys- 

Lys 140 and His 141 ; a 164 amino acid mature form of an A subunit, wherein said 164 amino acid mature form 
has the am.no acid sequence shown in Figure 5 from Ala 27 to Arg 190; and a 120 amino acid mature form of 

Z 9 ^T i™ 6 '^ !f d 120 amin ° 3Cid form has amino add sequence shown in Figure 5 from 
2i2i 1 ^ wrth « ieconversion o f ^ 140 to Lys 140 and the deletion of the amino acid sequence from 
Mis 141 to Arg 184; and 

b) a B subunit, wherein said B subunit is a 1 35 amino acid mature form of a B subunit. wherein said 135 amino 
acd mature form has the amino acid sequence shown in Figure 6 from Ala 24 to Leu 158. and allelic variants 
thereof; w* said growth factor being substantially free of other proteins and impurities, as well as being 
mitogenic for mammalian vascular endothelial cells. 

I. A mammalian vascular endothelial growth factor II, which comprises: 

a) an A subunit, wherein said A subunit is selected from the group consisting of a 188 amino acid mature form 

£ « "V*, ° f 140 10 LyS 140 and the insertion of *• ami "° ■* Wee Lys- 

L^tSlK^ betwin 
Lys 140 and His 141 . a 164 ammo aad mature form, of an A subunit. wherein said 164 amino acid mature form 

has the amino aad sequence shown in Figure 5 from Ala 27 to Arg 190; and a 120 amino acid mature form of 
S aJS? itT h T d 120 amin ° 3Cid form haS the amino acid ^own in Figure 5 from 

Sis 1 Jl [ te \mZT 00 ° f 10 ^ 140 ^ the de,eti0n 0f * e amino acid se 0 uen <* from 

acid B ^h" iS 8 1 1 5 amin ° add matUre form 0f a B 8ubunit wherein 1 1 5 amino 

T £ ! S6qUenCe Sh0Wn in Fi9Ure 7 from amino aad Ma 24 to ^9 1 38. and allelic 

<T ^ bei " 9 ■** BM ^ ,ree of oth * P^ins and impuLs, as well as 

being mitogenic for mammalian vascular endothelial cells. 

sZSTS Tl 8 ' endothe ' ial 9 rowth factor - wni <* comprises either a heterodimer or homodimer of a first and 
VST" "J T ^ SeCOnd 8 SUbunitS is ind ^ndently selected from the group con- 

sisting of a 135 ammo acid mature form having the amino acid sequence shown in Figure 6 from Ala 24 to Leu 158 
a 1 5 amino aad mature form having the amino acid sequence shown in Figure 7 from Ala 24 to ig 138 and 

ties, as well as being mitogenic for mammalian vascular endothelial cells. 

$SZ!" f ° ,ati0 r °u VB8Cular endothe,ial 9 rowth as claimed in any one of the preceding claims in 
substantially pure form which comprises the sequence of steps of: gcfamsin 

a. isolation of conditioned growth media; 

b. cation exchange chromatography; 

c. lectin affinity chromatography; 

d. cation exchange high performance liquid chromatography; 

e. metal-chelate affinity chromatography; 

f. reverse-phase high performance liquid chromatography; and 

g. collecting the substantially pure vascular endothelial growth factor. 

The process of claim 4 which comprises: 

a. isolation of conditioned growth media by filtration; 

*t With adS0rpti0n on <^°*y™thyl Sephadex® C-50 cation exchange resin 

^T^fn V 3 r : nSe 005 M •°* m Ph0Sph3te ' PH a 1 5 M NaC < ™« **» with O.OsSm 
phosphate, pH 6.0, containing 0.6 M NaCI; wjuiuih 
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^l^f!^ Chf0mat09raphy «*orpticn on concanavalin A agarose resin at pH 6.0 followed by elution 
with 1 0.05 M sodium acetate. pH 6.0. containing 1 mM Caa 2 . 1 mM MnOa. 0.1 M NaCI and 0.32 M alpha- 
methyl mannoside and 0.28 M alpha-methyl glucoside; 

d. cation exchange high performance liquid chromatography with adsorption on Polyaspartic Acid WCX® 
equilibrated in 0.05 M sodium phosphate. pH 6.0 followed by elution with about 0 to about 0.75 M Nad linear 

e. metal-chelate chromatography with adsorption on Pharmacia Chelating Sepharose® 6B charged with 
excess Cu followed by elution with a gradient of 0.5 mM to 100 mM imidazole in buffer containing about 0 05 
M sodium phosphate, about pH 7.0. about 2 M NaCI; 

I reverse phase high performance liquid chromatography with adsorption on a C 4 column equilibrated in 0 1 % 
Muoroacetc acd followed by elution with a gradient of 0 to 67 % (v/v) of acetonitrile in o!S % trrfluoroacetj 

g. collecting the substantially pure vascular endothelial growth factor. 

w 6. The process of Claim 4 for the isolation of vascular endothelial growth factor II from GS-9L cell culture fluid. 

7. A pharmaceutical composition comprising a pharmaceutical carrier and an effective tissue repairing amount of the 
purified vascular endothelial growth factor of any one of Claims 1 to 3. 

20 8 * £!tll e 1 T "'f end0thelial Sr0Wth fector « any one of Claims 1 ,0 3 for *™ manufacture of a medicament 
capable of promoting tissue repair. B 1 

9 " h JH?r.°lS r !!! e I St i mU !f ti ° n ° f Qr0wth 01 vascu,ar endothelial cells invjtrc which corr^prises treating a sample of the 

« cZf ?fIS? V"? m6diUm Wfth end0the,ial 9 rowth fe <*or as Caimi in a?y one oi 

25 claims 1 to 3 at a concentration of about 0.1 -1 00 ng/ml. 

1 °" tZZL ™ e S 9 Syn * ,etic J' esse,s ittJdte comprising treating synthetic polymeric vessels wrth vascular 
endothelial growth factor as claimed in any one of claims 1 to 3. 

30 Hill. <* Claim 10 for the manufacture of a medicament suitable for 
use as a vessel implant whereby, after implantation, endothelial cells migrate into and grow on the artificial surfaced 

1 2 " l^ZtZT TS^I/i 9r0Wth faCt ° r 38 C ' aimed in any °" e 0f daims 1 10 3 fo ' ,he manufacture of a med- 
"SrS^ 

1 N^7r^gm^ 

14 ' tor P .T^nTnn ,°h! CUle , e T in9 1 15 amin ° 8Ck( matUre form * mammalian endothelial growth fac- 

tor II, comprising the nucleotide sequence shown in Figure 7. 

15. Purified DNA molecules encoding a mammalian vascular endothelial growth factor II. which comprises: 

ZZl ^" enCOd,n9 8 188 8min0acid TOtureform .w^in said DNAmoleojIeencolesalse amino 
*e JTo am,n ° f ° rm 3 ? 3 120 amin ° aQd ^ Sad 188 a ™° «* -alre SZs 

ImSSSSr" 9UrS 5 fr0m Ma 27 ,0 *» 190 With 1,16 Subs,itution of *" 14 <> to «-ys U0 

£ a Sk ? e an ? n °o aC,d SeqUe " Ce ^-S^'-^-G'y-Ly^ly-Lys-Gly-Gln-Lys-Arg-Lys-Arg Lys- 
Lys-Ser-A^Phe-Lys-Ser-Trp-Ser-Val between Lys 140 and His 141; a 164 amino acid mature fern hLfte 
amino acid sequence shown in Figure 5 from Ala 27 to Arg 190; and a 120 amino acid mature fo m hS 11 

the deletion of the ammo acid sequence from His 141 to Arg 184- and 

2 ^n^P^ m ° le ^ e ' Wh6rein ^ B Subunit is 8 ^'ected'from the group of DNA molecules consisting 

DNA 21,7 ^ en< ^ in ? m0leCUle enCOdin9 the 135 ™ acid «"■■"» *"» show " h Rguni 6 and a 
DNA molecule encoding the 115 amino acid mature form shown in Figure 7. 

1 6. A purified DNA molecule encoding heterodimeric vascular endothelial growth factor II which consists of a DNA mol- 
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ecule comprising an A subunit and a DNA molecule comprising a B subunit. selected from the DNA molecules of 

claim 15. 

17. A vector containing a DNA molecule as claimed in any one of claims 13. 14 and 16. 

18. A host cell transformed by a DNA vector of claim 17. 

19 ' t H^ a ,0r JT e pre P?! afon °! ^ scu,ar endothelial growth factor II comprising culturing the transformed host cell 
of claimlS under conditions suitable for the expression of vascular endothelial growth factor II and recovering vas- 
cular endothelial growth factor II. M 

20. Vascular endothelial growth factor II made by the process of daim 1 9. 
PatentansprOche 

1 . Sauger-GefaBendothelzell- Wachstumsfaktor 1 1, umfassend: 

rL e i?l A h ' fl U . n,e ^»^ W ° bei die A - Un,ereinheit aus <*" Gruppe, bestehend aus einer reifen Form einer A- 
Unteremheit mrt 188 Aminosauren. wobei die reife Form mit 188 Aminosauren die in Figur 5 dargestellte Ami- 
nosauresequenz von Ala 27 bis Arg 1 90 mit der Substitution von Asn 140 durch Lys 140 und der Insertion der 

SeMrp-Ser-Val zwischen Lys 140 und His 141 aufweist. einer reifen Form einer A-Untereinheit mit 164 Ami- 

JS"? T Z fm ^ 164 Aminosauren die in R 3" r 5 dargesteltte Aminosauresequenz von Ala 
27 bis Arg 190 aufweist. und einer reifen Form einer A-Untereinheit mit 120 Aminosauren. wobei die reife Form 
mit 120 Aminosauren die in Figur 5 dargestellte Aminosauresequenz von Ala 27 bis Arg 190 mit der Oberfuh- 
gwaSfeflnd 40 in ^ ^ De ' eti0n Aminosaurese< ' uenz wn H ^ 1 41 bis Arg 1 84 aufweist, aus- 

wll?H B a ' U ? r f heit ' ™ B - Untereinheit eine r «fe Form einer B-Untereinheit mit 135 Aminosauren ist. 
Tssaufwefet die in Figur 6 dargestellte Aminosauresequenz von Ala 24 bis Leu 

und allele Varianten davon; wobei der Wachstumsfaktor im wesentlichen frei von anderen Proteinen und Ver- 
unremigungen sowie mitogen fur Sauger-GefaBendothelzellen ist. 

2. Sauger-GefaBendothelzell-Wachstumsfaktor II. umfassend: 

?£lt U r^ Tl- W0b6i A - Untereinhe « aus der Gruppe. bestehend aus einer reifen Form einer A- 
Untereinhert mrt 188 Aminosauren. wobei die reife Form mit 188 Aminosauren die in Figur 5 dargestellte Ami- 
nosauresequenz von Ala 27 bis Arg 190 mit der Substitution von Asn 140 durch Lys 14? und der Insertion der 
Ammosauresequenz Lys-Ser-Val-A^^^ 

n^^I Z H WSCh r c YS 140 U " d HiS 141 aUfweiSt ' einer reifen Form einer A-Untereinheit mS 164 Ami- 
£££ 5?£ Z m 164 Am,nosauren die in RBur 5 dargestallte Aminosauresequenz von Ala 

27b.s Arg 190 aufweist. und einer reifen Form einer A-Untereinheit mil 120 Aminosauren. wobei die reife Form 
mrt 120 Aminosauren die in Figur 5 dargestellte Aminosauresequenz von Ala 27 bis Arg igo^it de OberfOh 
in ^ 140 und der De.etion der Aminosauresequenz von His 141 bis Arg IsTautei^s- 
bj eine B-Untereinheit. wobei die B-Untereinheit eine reife Form einer B-Untereinheit mit 1 15 Aminosauren ist 
TSaut'eS m,t1 15 Amin ° Sauren die in Fi9ur 7 dargestellte Aminosauresequenz von Ala 24 bis Arg 

und allele Varianten davon; wobei der Wachstumsfaktor im wesentlichen frei von anderen Proteinen und Ver- 
unreimgungen sowie mitogen fur Sauger-GefaBendothelzellen ist. 

3. Sauger-^faflerdothelzell-Wachstumsfakor. umfassend entweder ein Heterodimer oder Homodimer einer ersten 
SZJ^^f "'I; "** j6de d6r erSte " und B-Untereinherten unabhang^aus der Gmppe 

r^uen^n 2 S & T^T ^ 1 15 Aminosauren - ^Iche die in Figur 7 dargestellteXninosau- 
SJCSJE ? 1* 3U,WeiSt ' Und a " elen Varianten davon ' ausgewahlt ist; wobei das Heterodimer 

ZZSS^T™" ^ V °" a " deren ^ ^ Ve -^- S en sowie mrtogen for Sauge' 
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4. Verfahren zur Isolierung von GefaSendothelzell-Wachstumsfaktor nach irgendeinem der vorhergehenden Anspru- 
che in im wesentlichen reiner Form, umfassend die Folge der Schritte: 

a. Isolierung von konditionierten Wachstumsmedien; 

b. Kationenaustauschchromatographie; 

c. Lektin-Affinitatschromatographie; 

d. Kationenaustausch-Hochleistungsflussigkeit^ 

e. Metailchelat-Affinitatschromatographte; 

f. UmkehrprBsen-Hochleistungsflussigkeitschromatographe; und 

g. Gewinnung des im weserttlichen reinen GefaGendothelzell-Wachstumsfaktors. 

5. Verfahren nach Anspruch 4, umfassend: 

a. Isolierung von konditionierten Wachstumsmedien durch Filtration; 

b. Kationenaustauschchromatographie mit Adsorption an Cart>Q)cymethyl-Sephadex® C-50-Kationenaus- 
tauschharz bei pH 6.0, gefolgt von einer Spulung mit 0,05 M Natriumphosphat, pH 6.0, 0.15 M NaCI und Bu- 
tton mit 0.05 M Natriumphosphat, pH 6.0, enthaltend 0.6 M NaCI; 

c. Lektin-Affinitatschromatographie mit Adsorption an Concanavaiin A-Agaroseharz bei pH 6 0 gefolgt von 
Elution mrt 0,05 M Natriumacetat, pH 6.0, enthaltend 1 mM CaCI 2 , 1mM MnCI 2 , 0,1 M NaCI und 0 32 M a- 
Methylmannosid und 0,28 M a-Methylglucosid; 

? M ^ ionenaustaus ^ mit Adsorption an PolyasparaginsSure 

WCX^, aqu.libriert in 0,05 M Natriumphosphat. pH 6.0, gefolgt von Elution mit einem linearen Gradienten mit 
etwa Obis etwa 0,75 M NaCI; 

e. Metallchelat-Chromatographie mit Adsorption an Pharmacia Chelating Sepharose® 6B, beladen mit uber- 
schussigem Cu^, gefolgt von Elution mit einem Gradienten von 0,5 mM bis 100 mM Imidazol in Puffer der 
etwa 0,05 M Natriumphosphat, etwa pH 7.0, etwa 2 M NaCI enthait; 

f. Umkehrphasen-Hochleistungsflussigkeitschromatographie mit Adsorption an eine in 0.1%iger Trifluoressig- 
saure aquilibnerte C 4 -Saule, gefolgt von Elution mit einem Gradienten von 0 bis 67% (Vol /Vol ) Acetonitril in 
0, 1 %iger Trif luoressigsaure; und 

g. Gewinnung des im wesentlichen reinen GefaBendothelzell-Wachstumsfaktors. 

6. Verfahren nach Anspruch 4 zur Isolierung von GefaBendothelzell-Wachstumsfaktor II aus GS-9L-Zellkulturflussig- 
Ken. 



7. 
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Pharmazeutische Zusammensetzung, umfassend einen pharmazeutischen Trager und eine wirksame, gewebe- 
wiederherstellende Menge des gereinigten GefaBendothelzell-Wachslumsfaktors nach irgendeinem der AnsprO- 
che 1 bis 3. ^ 



8. Verwendung des GefaSendothelzell-Wachstumsfaktors nach irgendeinem der Anspruche 1 bis 3 zur Herstellung 
eines Medikaments, welches zur FOrderung der Wiederherstellung von Gewebe in der Lage ist. 

9- Verfahren zur Stimulierung des Wachstums von GefaBendothelzellen in vitro, welches umfaBt. daB eine Probe der 
gewunschten Endothelzellen in einem Nahrmedium mit GefaBendothelzell-Wachstumsfaktor nach irgendeinem 
der Anspruche 1 bis 3 in einer Konzerrtration von etwa 0,1-100 ng/ml behandelt wird. 

1 0. Verfahren zur Herstellung von synthetischen GefaBen miUQ. welches umfaBt, daB synthetische pdymere GefaBe 
mit GefaBendothelzell-Wachstumsfaktor nach irgendeinem der Anspruche 1 bis 3 behandelt werden. 



Verwendung eines synthetischen GefaBes. welches nach dem Verfahren von Anspruch 10 hergestelft wurde zur 
Herstellung eines Medikaments, welches sich zur Verwendung als GefaBimplantat eignet. wodurch nach Implan- 
tation Endothelzellen in die kOnstliche Oberflache einwandern und darauf wachsen. 

12. Vemvendung des GefaBendothelzell-Wachstumsfaktors nach irgendeinem der Anspruche 1 bis 3 zur Herstellung 
eines Medikaments zur Stimulierung des Wachstums von GefaBendothelzellen invjya durch welches errtweder 
GefaBwiederherstellung oder GefaBneubildung oder beides gefordert wird. 

13. Gereinigtes DNA-Molekfll, kodierend for die reife Form von Sauger-GefaBendothelzell-Wachstumsfaktor II mit 135 
Aminosauren, welches die in Figur 6 dargestellte NuWeotidsequenz umfaBt. 



20 



EP 0 476 983 B1 

14. Gereinigtes DNA-MolekuI. kodierend fur die reife Form von Sauger^emSendothelzell-Wachstumsfaktor II mit 1 15 
Aminosauren, welches die in Figur 7 dargestellte Nukleo&Jsequenz umfaBt. 

15. Gereinigte DNA-MolekGle. die fur einen Sauger^3efa6eiTdothelzell-Wachsturnsfakta' II kodieren, umfassend: 

a) ein A-Urtereinheits-DNA-Molekul, wobei die A-Untereinhert aus der Gruppe von DNA-Molekulen, beste- 
hend aus einem for eine reife Form mit 188 Aminosauren kodierenden DNA-MolekuI, wobei das DNA-MolekuI 
fur eine Form mit 188 Aminosauren, eine Form mit 164 Aminosauren und eine Form mit 120 Aminosauren 
kodiert. wobei die reife Form mit 188 Aminosauren die in Figur 5 dargestellte Aminosauresequenz von Ala 27 
bis Arg 190 mit der Substitution von Asn 140 durch Lys 140 und der Insertion der Aminosauresequenz Lys- 
Ser-Val-Arg-Gly-Lys-Gly-Lys-Gly-GIn^ zwischen 
Lys 140 und His 141 aufweist, eine reife Form mit 164 Aminosauren die in Figur 5 dargestellte Aminosaurese- 
quenz von Ala 27 bis Arg 190 aufweist, und eine reife Form mit 120 Aminosauren die in Figur 5 dargestellte 
Aminosauresequenz von Ala 27 bis Arg 190 mit der Uberfuhrung von Asn 1 40 in Lys 140 und der Deletion der 
Aminosauresequenz von His 141 bis Arg 184 aufweist, ausgewahlt ist ( und 

b) ein B-Urrtereinheits-DNA-Molekul, wobei die B-Untereinheit aus der Gruppe von DNA-Molekulen ausge- 
wahlt ist, die aus einem DNA-MolekuI, kodierend fur ein Molekul, das fur die in Figur 6 dargestellte reife Form 
mit 135 Aminosauren kodiert, und einem DNA-MolekuI, das fur die in Figur 7 dargestellte reife Form mit 115 
Aminosauren kodiert, besteht. 

16. Gereinigtes DNA-MolekuI, kodierend for heterodimeren GefaBendothelzell-Wachstumsfaktor II, das aus einem 
DNA-MolekuI, welches eine A-Untereinheit umfaBt, und einem DNA-MolekuI, welches eine B-Untereinheit umfaBt 
ausgewahlt aus den DNA-Molekulen von Anspruch 1 5, besteht. 

17. Vektor, enthaltend ein DNA-MolekuI nach irgendeinem der Anspruche 13, 14 und 16. 

18. Wirtszelle, transformiert mit einem DNA-Vektor nach Anspruch 17. 

1 9. Verfahren zur Herstellung von GefaBendothelzell-Wachstumsfaktor II, umfassend die Kultivierung der transformier- 
ten Wirtszelle nach Anspruch 18 unter Bedingungen, die zur Expression von GefaBendothelzell-Wachstumsfaktor 
II geeignet sind, und die Gewinnung von GefaBendothelzell-Wachstumsfaktor II. 

20. GefaBendothelzell-Wachstumsfaktor II, hergestellt nach dem Verfahren von Anspruch 19. 
Revendications 

1 . Un facteur II de croissance de cellules vasculaires endothelials de mammiteres, qui comprend : 

a) une sous-unite A, ladite sous-unite A etant choisie dans le groupe constitue d'une forme mature de 188 ad- 
des amines d'une sous-unite A dans laquelle ladite forme mature de 188 acides amines presente la sequence 
d'acides amines representee sur la figure 5 a partir de Ala 27 jusqu'a Arg 190, avec la substitution de Asn 140 
en Lys 140 et insertion de la sequence d'acides amines Lys-Ser-Val-Arg-Gly-Lys-Gly-Lys-Gly-Gln-Lys-Arg- 
Lys-Arg-Lys-Lys-Ser-Arg-Phe-Lys-Ser-Trp-Ser-Val entre Lys 140 et His 141 ; une forme mature de 164 acides 
amines d'une sous-unite A, dans laquelle ladite forme mature de 164 acides amines possede la sequence 
d'acides amines representee sur la figure 5 de Ala 27 k Arg 190 ; et une forme mature de 120 acides amines 
d'une sous-unite A, dans laquelle ladite forme mature de 120 acides amines possede la sequence d'acides 
amines representee sur la figure 5 a partir de Ala 27 k Arg 190, avec la conversion de Asn 140 en Lys 140 et 
la deletion de la sequence d'acides amines de His 141 k Arg 184 ; et 

b) une sous-unite B, ladite sous-unite B etant une forme mature de 135 acides amines d'une sous-unite B 
dans laquelle ladite forme mature de 135 acides amines possede la sequence acide amine representee sur la 
figure 6, a partir de Ala 24 k Leu 158, et des variantes alieiiques de celle-ci, ledit facteur de croissance etant 
essentieliement depourvu d'autres proteines et d'autres impuret6s, ainsi qu'6tant mitog6nique pour les cellules 
vasculaires endotheiiales de mammif eres. 

2. Un facteur II de la croissance de cellules vasculaires endotheiiales de mammiferes, qui comprend: 

a) une sous-unite A. ladite sous-unite A etant choisie dans le groupe constitue d'une forme mature de 188 aci- 
des amines d'une sous-unite A dans laquelle ladite forme mature de 188 acides amines pr6sente la sequence 
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d'acides amines representee sur la figure 5 k partir de Ala 27 jusqu'S Arg 190, avec la substitution de Asn 1 40 
en Lys 140 et (Insertion de la sequence d'acides amines Lys-Ser-Val-Arg-Gly-Lys-Gly-Lys-Giy-Gln-Lys-Arg- 
Lys-Arg-Lys-Lys-Ser-Arg-Phe-Lys-Ser-Trp-Ser-Val entre Lys 140 et His 141 ; une forme mature de 164 acides 
amines d'une sous-unite A, dans laquelle ladite forme mature de 164 acides amines possede la sequence 
d'acides amines representee sur la figure 5 de Ala 27 k Arg 1 90 ; et une forme mature de 120 acides amines 
d'une sous-unite A. dans laquelle ladite forme mature de 120 acides amines possede la sequence d'acides 
amines representee sur la figure 5 de Ala 27 a Arg 190 ; avec la conversion de Asn 140 en Lys 140 et la dele- 
tion de la sequence tf acides amines de His 141 k Arg 184 ; et 

b) une sous-unite B, ladite sous-unite 8 etant une forme mature de 115 acides amines d'une sous-unite B, 
dans laquelle ladite forme mature de 1 15 acides amines possede la sequence acide amine representee sur la 
figure 7, k partir de Ala 24 k Arg 138, et des variantes alieiiques de celle-ci ; ledrt facteur de croissance etant 
essentieliement depourvu d'autres proteines et d'autres impuretes, ainsi qu*6tant mitog6nique pour les cellules 
vasculaires endotheiiales de mammiferes. 

Un facteur de croissance vascuiaire endothelial de mammiferes, qui comprend un h6t6rodimere ou bien un homo- 
dimere d'une premiere et d'une seconde sous-unites B, ou chacune desdites premiere et seconde sous-unites B 
est choisie independamment dans le groupe constitue d'une forme mature de 135 acides amines, ayant la 
sequence d'acides amines representee sur la figure 6 de Ala 24 jusqu'& Leu 158, une forme mature de 11 5 acides 
amines ayant la sequence d'acides amines repr6sentes sur la figure 7, de Ala 24 k Arg 138 et des variantes alieii- 
ques de celled, ledit het6rodimere ou ledit homodimere 6tant essentieliement depourvu d'autres proteines et 
impuretes. ainsi qu'etant mitog6niques pour des cellules vasculaires endotheiiales de mammiferes. 

4. Un procede pour I'isolement du facteur de croissance vascuiaire endothelial tel que revendique dans I'une quel- 
conque des revendications precedentes, sous forme essentieliement pure, qui comprend la sequence des 6tapes 
25 de : 

a. isolement de milieux de croissance conditionnes, 

b. chromatographie par echange de cations, 

c. chromatographie par affinite pour la lectine, 

30 d. chromatographie liquide de haute performance par echange de cations, 

e. chromatographie par affinite pour chelate de metal, 

f. chromatographie liquide de haute performance en phase inverse, et 

g. recueil du facteur de croissance vascuiaire endothelials essentieliement pur. 

35 5. Le proc6de de la revendication 4, qui comporte : 

a. I'isolement des milieux de croissance conditionnes par filtration ; 

b. chromatographie par 6change de cations avec adsorption sur une resine echangeuse de cations de type 
carboxymethyl Sephadex ® C-50 a pH 6,0, suivi par un ringage avec du phosphate de sodium 0,05 M, pH 6,0, 
du NaCI 0,15 M et eiution avec du phosphate de sodium 0,05 M, pH 6,0, renfermant du NaCI 0,6 M, 

c. chromatographie par affinite pour la lectine avec adsorption sur resine d'agarose de type concanavalin A k 
pH 6,0 suivi par eiution avec de I'ac6tate de sodium 0,05 M, pH 6,0, renfermant du CaCI 2 1 mM, du MnCI 2 1 
mM, du NaCI 0,1 M et de l'a-m6thylmannoside 0,32 M et de I'a-methyiglucoside 0.28 M; 

d. chromatographie liquide de haute performance par echange de cations avec adsorption sur I'acide polyas- 
partique WCX ®, equilibre dans du phosphate de sodium 0,05 M. pH 6,0 suivi par eiution avec environ 0 a 
environ 0,75 M de gradient lineaire NaCI; 

e. chromatographie de chelate de metal avec adsorption sur Pharmacia Chelating Sepharose® 6B charge 
avec du Cu++ en exces suivi par une eiution avec un gradient de 0,5 mM k 100 mM d'imidazole dans un tam- 
pon renfermant environ 0,05 M de phosphate de sodium, environ pH 7,0, environ 2 M de NaCI ; 

f. chromatographie liquide de haute performance en phase inverse, avec adsorption sur une colonne C 4 6qui- 
hbree dans 0,1 % d'acide trifluoroacetique, suivi par eiution avec un gradient de 0 k 67 % (v/v) d'acetonitrile 
dans 0,1 % d'acide trifluoroacetique ; et 

g. recueil du facteur de croissance vascuiaire endotheiiale, essentieliement pur. 

55 6. Le proc6d6 de la revendication 4 pour I'isolement du facteur II de croissance vascuiaire endotheiiale d'un f luide de 
culture de cellules GS-9L 

7. Une composition pharmaceutique comportant un support pharmaceutique et une quantite eff icace pour la r6para- 
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tion de tissus de facteur de croissance vasculaire endothelial, purif ie, de Tune quelconque des r evendications 1 k 
3. 

8. L'utilisation du facteur de croissance vasculare endothelial de Tune quelconque des revendications 1 k 3 pour la 
fabrication d'un medicament apte k promouvoir la reparation des tissus. 

9. Un proc6d6 pour la stimulation de la croissance de cellules vasculaires endothelials in vitro, qui comprend le trai- 
tement d'un echantillon des cellules endothelials souhaitees dans un milieu nutrrtif avec un facteur de croissance 
vasculare endotheiiale tel que revendique dans I'une quelconque des revendications 1 k 3, selon une concentra- 
tion d'environ 0, 1 -100 ng/ml. 

10. Un proc6d6 pour la preparation de vaisseaux synthetiques in vitro, comprenant le traitement des vaisseaux poly- 
meres synthetiques avec le facteur de croissance vasculaire endotheiiale tel que revendique dans Tune quelcon- 
que des revendications 1 k 3. 

1 1 . Utilisation d'un vaisseau synthetique prepare par la technique de la revendication 10 pour la fabrication d'un medi- 
cament approprie pour Stre utilise en tant qu'implant pour vaisseau, de fagon que, aprfcs implantation, les cellules 
endotheiiales migrent dans et croissent sur la surface artfficielle. 

1 2. Utilisation du facteur de croissance vasculaire endothelial tel que revendiqu6 dans Tune quelconque des revendi- 
cations 1 k 3, pour la fabrication d'un medicament pour la stimulation de la croissance des cellules vasculaire endo- 
theiiales in vivo, de fagon k promouvoir une reparation vasculaire ou une neovascularisation ou bien les deux. 

13. Une molecule purif i6e d'ADN encodant la forme mature de 135 acides amines du facteur II de croissance vascu- 
laire endothelial des mammiferes, comprenant la sequence de nucleotides representee sur la figure 6. 

14. Une molecule d'ADN purifiee encodant la forme mature de 1 15 acides amines du facteur II de croissance vascu- 
laire endothelial de mammiferes, comprenant la sequence de nucleotides representee sur la figure 7. 

15. Molecules d'ADN purrfi6es, encodant un facteur II de croissance vasculaire endothelial de mammiferes, qui com- 
prend : 

a) une molecule d'ADN de sous-unite A, la sous-unite A 6tant choisie dans le groupe de molecules d'ADN 
constitue de : une molecule d'ADN encodant une forme mature de 188 acides amines, ladite molecule d'ADN 
encodant une forme de 1 88 acides amines, une forme de 1 64 acides amines et une forme de 1 20 acides ami- 
nes, de fagon que ladite forme mature de 188 acides amines possede la sequence d'acides amines represen- 
tee sur la figure 5 k partir de Ala 27 jusqu'a Arg 190, avec la substitution de Asn 140 en Lys 140 et Insertion 
de la sequence d'acides amines Lys-Ser-Val-Arg-Gly-Lys-Gly-Lys-Gly-Gln-Lys-Arg-Lys-Arg-Lys-Lys-Ser-Arg- 
Phe-Lys-Ser-Trp-Ser-Val entre Lys 140 et His 141 ; une forme mature de 164 acides amines possede la 
sequence d'acides amines representee sur la figure 5 de Ala 27 k Arg 1 90 ; et une forme mature de 1 20 acides 
amines possede la sequence d'acides amines representee sur la figure 5 de Ala 27 a Arg 190 ; avec la con- 
version de Asn 140 en Lys 140 et la deletion de la sequence d'acides amines de His 141 k Arg 184 ; et 

b) une molecule d'ADN de sous-unite B, dans laquelle ladite sous-unite B est choisie dans le groupe des mole- 
cules d'ADN constitue d'une molecule d'ADN encodant la forme mature de 135 acides amines, representee 
sur la figure 6 et une molecule d'ADN encodant la forme mature de 115 acides amines representee sur la 
figure 7. 

16. Une molecule d'ADN purifiee, encodant le facteur II de croissance vasculaire endotheiiale, qui est constituee d'une 
molecule d'ADN comportarrt une sous-unite A et une molecule d'ADN comportant une sous-unite B, choisie parmi 
les molecules d'ADN de la revendication 1 5. 

17. Un vecteur contenant une molecule d'ADN telle que revendiquee dans Tune quelconque des revendications 13 14 
etl6. 

18. Une cellule hdte transformee par un vecteur ADN de la revendication 17. 

19. Un precede pour la preparation du facteur II de croissance vasculaire endothelial, comprenant la culture de la cel- 
lule hdte transformee de la revendication 18 sous les conditions appropri6es pour I'expression du facteur II de 
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croissance vascuiaire endoth&iale et la recuperation du facteur II de croissance vasculare endoth&iale. 
L Le facteur II de croissance vascuiaire endoth£liaie, r6alis§ par le proc6d6 de la revendication 19. 
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FIG. 2 
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FIG. 3 
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